Objective: Mechanical thrombectomy is the standard treatment for large vessel occlusion (LVO) in acute ischemic stroke (AIS) up to 6 h after onset. Recent trials have demonstrated a benefit for wake-up strokes and patients beyond 6 h. Methods: A systematic literature review was conducted for multicenter randomized clinical trials (RCTs) investigating endovascular stroke treatment using perfusion imaging to identify patients that may benefit from mechanical thrombectomy for AIS beyond 6 h of onset. Random effects meta-analysis was used to analyze the following outcomes: 90-day functional independence rates with modified Rankin Scale (mRS ≤2), 90-day mortality, and symptomatic intracranial hemorrhage (sICH) rates. Further stratification was carried out by age and presentation. Results: Two multicenter RCT's were included as follows: DAWN and DEFUSE-3. Pooled 90-day functional independence rates favored endovascular management (odds ratio [OR] 5.01; P < 0.00001). Subgroup analysis demonstrated continued 90-day functional independence benefit for endovascular management regardless of age (≥80 years, OR 5.65, P = 0.01; ≤80 years, OR 4.92, P < 0.00001). When stratified for the manner of stroke discovery, 90-day functional independence rates favored endovascular management for wake-up strokes (OR 8.74, P < 0.00001) and known-time onset strokes (OR 5.08, 95% confidence interval [CI] 2.04-12.65, P = 0.0005), although no benefit was observed for unwitnessed strokes (OR 1.64, 95% CI 0.17-16.04, P = 0.67). No difference observed in 90-day mortality rates (OR 0.71; P = 0.14) or in SICH rates (OR 1.67; P = 0.29). Conclusions: This meta-analysis reinforces that endovascular management is superior to standard medical management alone for the treatment of AIS due to LVO beyond 6 h of onset in patients with perfusion-imaging selection.
Introduction

S
troke is the fourth leading cause of mortality and the leading cause of long-term disability in the United States, affecting approximately 795,000 people each year. [1] The majority of these strokes are ischemic (87%). In 1995, the use of intravenous tissue plasminogen activator (IV-tPA) to treat acute ischemic stroke (AIS) within 4.5 h from symptom onset became the standard of care. [2] Subsequently, in 2015, five randomized clinical trials (RCTs) demonstrated the significant clinical benefit of endovascular mechanical thrombectomy for AIS due to large vessel occlusion (LVO) over standard medical therapy, when performed within 6 h of symptom onset.
Strokes Undergoing Neurointervention with Trevo) as well as DEFUSE-3 (Endovascular Therapy Following Imaging Evaluation for Ischemic Stroke 3) trials suggest that the window for endovascular treatment may be extended up to 24 h for selected patients based on imaging and clinical examination. [11, 12] Results of these studies indicate that patients with ischemic brain tissue that has not yet undergone infarction, or with penumbra, have improved functional outcomes with endovascular intervention.
This meta-analysis aims to compare the rates of functional independence, mortality, and symptomatic intracranial hemorrhage (sICH) between endovascular and medical management for AIS due to LVO beyond 6 h of onset of symptoms. In addition, we will investigate if these results are contiguous among specified subgroups. We hypothesize that the combined data will show consistent safety and efficacy in those receiving endovascular therapies with standard medical therapy.
Methods
This study follows the guidelines set forth by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement. No registered review protocol was utilized for this study.
Study design and inclusion criteria
We performed a systematic literature search of PubMed for RCT's investigating endovascular stroke treatment published between 2017 and 2018. Studies using perfusion imaging to identify patients that may benefit from mechanical thrombectomy for AIS beyond 6 h of onset of symptoms were included in the study [ Figure 1 ]. Two trials fit these criteria: DAWN and DEFUSE-3 trials. Available study demographic, baseline clinical, and radiographic variables were extracted. This included study trial period, inclusion/exclusion criteria, and number and location of centers that contributed. Additional information extracted included patient mean or median age, mean or median presenting National Institute of Health Stroke Scale (NIHSS), average volume of ischemic core, number of AIS treated with unknown onset, or awaking strokes. Procedural details extracted included general anesthesia (GA) usage, thrombectomy device details, and IV-tPA administration. Outcome data included successful revascularization rates, defined as modified Thrombolysis in Cerebral Ischemia Grade 2b or 3, modified Rankin Score (mRS) at 90-days poststroke, mortality rates, and symptomatic intracranial hemorrhage (sICH) rates.
Statistical analysis
Descriptive statistics were determined using SAS version 9.4 (Cary, NC). The pooled data analysis was done with Review Manager Version 5.3 (Copenhagen:
The Nordic Cochrane Centre, The Cochrane Collaboration). Odds ratio (OR) for the studies were calculated using the Mantel-Haenszel test. A random effects model was utilized versus fixed-effects model, to account for sampling and inclusion variation between the studies. Using the Chi-square and I 2 test statistics, we checked for study homogeneity, with significant heterogeneity determined when both χ 2 was 10% significant and I 2 was larger than 50%. Statistical tests were two-sided and P < 0.05 was considered statistically significant. Assessment of study bias was performed using the Grading of Recommendations, Assessment, Development, and Evaluation guidelines. [13] 
Results
Study selection
The literature search produced two multicenter prospective RCT investigating endovascular treatments versus standard medical management for AIS due to LVO beyond 6 h: DAWN and DEFUSE-3. Together, these two investigations contributed 388 patients to this meta-analysis [ Table 1 ]. [11, 12] The two trials demonstrated low risks for selection, detection, and reporting bias [ Table 2 ]. Both trials had a considerable risk of performance bias, as participants and practitioners were not blinded to treatment. The DAWN trial was halted following and interim analysis reaching a prespecified criterion for superiority. The DEFUSE-3 trial was halted at prematurely at 182 patients before the first prespecified interim analysis because of the publication of DAWN results, leaving it susceptible to attrition bias. In addition, both trials contained intervention protocol violations in a few subjects. Specifically, in DAWN, three patients underwent treatment with unauthorized devices; in DEFUSE-3, two patients were treated with intracranial stent placement, two patients with intra-arterial tissue plasminogen activator, and one patient with angioplasty. Demographics and study characteristics Table 1 summarizes the designs and relevant inclusion criteria of included studies. The DAWN trial was published in November 2017 and DEFUSE-3 in January 2018. The aggregate participating centers between the two studies were 64. Key differences between the studies inclusion criteria are summarized in Table 1 . Table 3 outlines the characteristics of both study's control and intervention arms. When combined, intention-to-treat patients in the intervention and control arms included 199 and 189 patients, respectively. IV-tPA was administered in 15 patients (8%) in the intervention arm and 21 patients (11%) in the control arm. DAWN investigators were limited to the Trevo stent retriever (Stryker Neurovascular) while DEFUSE-3 investigators could utilize any number of Food and Drug Administration approved stroke thrombectomy devices. Overall, a stent retriever was utilized in 176 patients (88%), and 25 patients (13%) had aspiration thrombectomy alone. Median infarct/ischemic core in the intervention arms was 9.4 ml (interquartile range [IQR] 2.3-25 ml) and 7.6 (IQR 2-18 ml) for DEFUSE-3 and DAWN, respectively; control arm infarct core size was similar. The median NIHSS Aggregate number of wake-up strokes in the intervention and control groups was 116 (58%) and 89 (47%), respectively. In the intervention arm, GA was administered in 37 patients (19%).
Outcomes and complications of endovascular versus medical management
In the endovascularly managed group, successful revascularization, defined as modified thrombolysis in cerebral infarction of 2b or 3, was achieved in 164 patients (82%) between both studies. Meta-analysis of pooled data from the DAWN and DEFUSE-3 trials can be seen in Figure 2 , showing favorable 90-day functional independence (mRS 0-2) in the endovascular-treated patients versus the control group (46.7% vs. 15%; OR 5.01; 95% confidence interval [CI] 3.07-8.17; P < 0.00001). No significant heterogeneity between the studies, for 90-day functional independence, was observed (χ 2 = 0.78; P = 0.38; I 2 = 0%).
No significant difference of 90-day mortality between intervention and control was revealed with the pooled data (OR 0.71; 95% CI 0.34-1.02; P = 0.14). No significant heterogeneity between the studies, for 90-day mortality, was observed (χ 2 = 2.13; P = 0.38; I 2 = 53%). Similarly, no significant difference was observed in sICH rates (OR 1.67; 95% CI 0.64-4.35; P = 0.29). No significant heterogeneity between the studies, for sICH rates, was observed (χ 2 = 0.06; P = 0.81; I 2 = 0%). Figure 3 shows the pooled subgroup analyses performed. When stratified for age 80 years or older, there was still a significant overall benefit in 90-day functional independence (mRS 0-2) for endovascular management (≥80 years, OR 5.65, 95% CI 1.44-22.12, P = 0.01; ≤80 years, OR 4.92, 95% CI 2.87-8.44, P < 0.00001). This benefit was not significantly evident in patients older than 80 years in the DEFUSE-3 trial alone. There was no significant heterogeneity between the studies respective age subgroups.
Pooled subgroup analysis for 90-day functional independence after intervention versus control
When stratified into stroke onset type (i.e., wake-up, unwitnessed, and time-known strokes), a 90-day functional independence (mRS 0-2) benefit was observed in endovascular-treated patients for wake-up strokes (OR 8.74, 95% CI 3.87-19.75, P < 0.00001) and time-known strokes (OR 5.08, 95% CI 2.04-12.65, P = 0.0005); however, there was no significant pooled benefit seen for unwitnessed strokes (OR 1.64, 95% CI 0.17-16.04, P = 0.67). For both wake-up stroke and time-known stroke subgroups, there was no significant study heterogeneity observed, although there was 
Discussion
In this meta-analysis of pooled study data from both the DAWN and DEFUSE-3 trial, we show that endovascular therapy with medical therapy is five times more likely to result in 90-day functional independence when compared with medical treatment alone, in select patients suffering AIS due to LVO beyond 6 h of onset. In addition, we confirm that there is no significant difference in 90-day mortality and sICH rates between intervention and medical management alone.
Both included studies were assessed for heterogeneity, qualitatively and quantitatively. The unwitnessed stroke type was the only subgroup that demonstrated significant study heterogeneity. Due to both its lower NIHSS and larger ischemic core inclusion criteria, the DEFUSE-3 study covered a broader patient population, possibly accounting for the slight decrease in 90-day functional independence benefit seen when compared to the DAWN trial.
DEFUSE-3 had a higher GA administration than DAWN (28% vs. 10%). In stroke thrombectomy literature, it is uncertain whether GA or conscious sedation (CS) is superior. Pooled data from the HERMES collaborators and the 2015 trials found that GA for mechanical thrombectomy resulted in lower rates of 90-day functional independence when compared with patients who received CS. [4, 14] However, the HERMES data were extracted from studies that were not designed or randomized to test the superiority of GA versus CS. Schönenberger et al. performed a dedicated RCT to determine which is favorable, finding that patients under GA, during thrombectomy, had higher 90-day functional independence rates compared with patients under CS (37.0% in GA vs. 18.2% in CS; P = 0.01). [15] Therefore, different rates of GA administration may confound the results drawn by the DAWN and DEFUSE-3 studies.
Saver et al. found that increased stroke onset to endovascular treatment time is associated with worse outcomes. [16] When compared with the pooled data taken from the five major 2015 thrombectomy trials, the combined 90-day functional independence rates for the intervention arms were higher in the late symptom onset to treatment trials, i.e., DAWN and DEFUSE-3 (57% vs. 46%). From the 2015 studies, two had perfusion-imaging inclusion criteria (SWIFT-PRIME and EXTEND-IA). [6, 9] When combined, the intervention groups from SWIFT-PRIME and EXTEND-IA studies had a 65% (87 of 133 patients) 90-day functional independence rate. These superior results observed with perfusion imaging suggest that it may have a significant role in future thrombectomy patient selection regardless of time of stroke onset. When comparing the control arms of the 2015 trials and the DAWN and DEFUSE-3 trials, the opposite relationship is observed, with worse functional independence in the DEFUSE-3 and DAWN trials (15% vs. 26.5%). [4] This is likely attributable to the latent temporality differences between the inclusion criteria of the two sets of studies leading to a decreased administration of IV-tPA in patients in the DAWN and DEFUSE-3 studies compared with the 2015 trials (11% vs. 87%).
The subgroup analysis of the pooled data from the 2015 trials demonstrated that older age was correlated with a higher 90-day mRS score following endovascular intervention; however, treatment effect remained constant regardless of age. Furthermore, the elderly thrombectomy group (≥80 years) was the only age group to show a slightly decreased risk of death. [4] Real-world studies have found different results. STRATIS investigators found that, in the real-world setting, functional independence rates decreased significantly for each 5-year increment of age (<65->90 years; 64.3%-26.5%), while mortality increased (7.9%-35.1%); additional real-world retrospective studies produced similar results. [17] [18] [19] In solidarity, the DEFUSE-3 trial was unable to establish a significant benefit for patients older than 80 years; however, aggregate DAWN and DEFUSE-3 data showed overall significant benefit for this patient population. Considering the similar enrollment of elderly patients (≥80 years), the lack of significant benefit in the DEFUSE-3 trial may suggest that older patients with large infarct volumes may fair worse following thrombectomy when compared to younger patients with similar imaging, due to DEFUSE-3's broader inclusion criteria. Further investigation is needed to stratify the benefits of endovascular intervention in the elderly population with regard to perfusion measured infarct size; an aim that DAWN was initially designed to achieve, though failed to reach adequate power to perform analysis due to early termination.
When examining pooled 90-day functional independence rates stratified by the manner of stroke discovery, we found the continued benefit of endovascular therapy in wake-up and time-known strokes; however, we failed to observe a significant benefit for endovascular therapy in the unwitnessed strokes. When the trials are assessed separately for unwitnessed stroke benefit, the DAWN trial found endovascular superiority while DEFUSE-3 did not. This was likely due to the modest number of patients, in that category, enrolled in the DEFUSE-3 trial. Moreover, significant study heterogeneity in the unwitnessed stroke subgroup leaves the pooled analysis flawed.
Limitations
The DAWN and DEFUSE-3 trials are not without limitations. Both trials were terminated early, DAWN after reaching a prespecified definition of superiority at an interim analysis and DEFUSE-3 after NIH requested trial termination following DAWN trial publication. In both studies, the practitioners and patients were unblinded to treatment modality, though there was a blind assessment of outcome measures. In addition, both trials had device protocol violations; DAWN had three and DEFUSE-3 had five violations. All the centers included in the studies were experienced stroke centers, thus results still need to be tested for generalizability in less experienced centers.
Our meta-analysis is limited by the pooled data available from the included studies, a common limitation among meta-analyses. In addition, we are unable to account for the differences in study inclusion/exclusion criteria and devices permitted for endovascular intervention. Furthermore, both studies required LVO located in either internal carotid artery or proximal (M1) division of the middle cerebral artery, thus the findings are not necessarily generalizable to the distal anterior circulation or the posterior circulation.
Conclusions
This meta-analysis from multicenter RCTs comparing endovascular management with medical management alone for AIS due to LVO beyond 6 h of onset demonstrated significantly higher 90-day functionality rates in the endovascularly managed patients. Patients older or younger than 80 years and wake-up or time-known strokes continued to demonstrate a higher rate of functional independence in the endovascular group. This meta-analysis reinforces that endovascular management paired with standard medical management is superior to standard medical management alone for the treatment of AIS due to LVO beyond 6 h of onset in patients with perfusion-imaging selection.
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